Abstract. It is well-known that all 2-knots are slice. Are all 2-links slice? This is an outstanding open question. In this paper we prove the following: For any 2-component 2-link (J, K) ⊂ S 4 = ∂B 5 ⊂ B 5 , there is an embedded disc D
Definitions
We work in the smooth category. An (oriented) (ordered) m-component n-(dimensional) link is a smooth, oriented submanifold L = {K 1 , . . . , K m } of S n+2 , which is the ordered disjoint union of m manifolds, each PL homeomorphic to the standard n-sphere. If m = 1, then L is called a knot.
We say that m-component n-dimensional links, L 0 and L 1 , are (link-)concordant or (link-)cobordant if there is a smooth oriented submanifold C={C 1 , . . . ,C m } of S n+2 × [0, 1], which meets the boundary transversely in ∂ C, is PL homeomorphic to L 0 × [0, 1] and meets S n+2 × {l} in L l (l = 0, 1). If m = 1, we say that n-knots L 0 and L 1 are (knot-)concordant or (knot-)cobordant. Then we call C a concordance-cylinder of the two n-knots L and L ′ . If an n-link L is concordant to the trivial link, then we call L a slice link. If an n-link L = {K 1 , . . . , K m } ⊂ S n+2 = ∂B n+3 ⊂ B n+3 is slice, then there is a disjoint union of (n + 1)-discs, D is called a slice disc for the knot L.
Note. Let L = (K 1 , K 2 ) be an n-link. If we say (D 1 , D 2 ) is a set of slice disc for L, then we assume D 1 ∩ D 2 = φ. If we say that D 1 is a slice disc for K 1 and that D 2 is a slice disc for K 2 , then we do not assume 
By [1] not all 2-component odd dimensional links are concordant to boundary links. Therefore, when n is odd, Theorem 4.2 is best possible from a viewpoint.
Note. In this paper we do not solve Problem 2.1, 2.2, 2.3, 3.1 completely. They are now open problems.
Proof of Theorem
(See e.g. [7] .)
Then F = V a ∩ V b is a closed oriented surface. We give F a spin structure σ naturally by using V a , V b and S 4 .
Claim. We can suppose that F is connected.
We made V ′ b from V b by using an embedded 1-handles as follows. Take points p ∈ F 1 and q ∈ F 2 . Let l be a path in V a which connects p and q. Take a 3-dimensional 1-handle h (⊂ V a ) whose core is l and which is attached to F 1 and F 2 . Call the attach part, which is 2-discs, P and Q. Recall P, Q ⊂ V b . Let h be a tubular neighborhood of h in S 4 . Let h be a 4-dimensional 1-handle which is attached to V b . Let P (resp. Q) be a tubular neighborhood of P (resp. Q) in V b , which is 3-discs. Then the attach part of h is P ∐ Q. We carry out the surgery on V b by using h and make a 3-manifold from
There exist simple closed curves (
one submanifold of M . V a and V b intersect transversely and V a ∩ V b is diffeomorphic to the 2-sphere.
Proof of Lemma 1
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Put X=S 4 × [0, 1] ∪ (the 5-dimensional 2-handles). By ( * ), the attaching maps of the 5-dimensional handles are spin preserving diffeomorphism. Therefore X=♯ p S 2 × B 3 − B 5 for a non-positive integer p. 4
Put X= X and take f to be f (S 
Proof of Claim 2. We move V a and V b .
Take a neighborhood of l a in V a . Call it N a . Suppose N a is diffeomorphic to the close 2-disc and l a ⊂ Int N a . We can move V a by isotopy and coincide with V a − N a . Note. When we move V a by isotopy, ∂ V a = f (S 
This completes the proof of Claim 2. In particular, the following holds in Claim 2. 
Proof of Lemma 3 Take an oriented 3-manifold which is orientation-preserving diffeomorphic to V i (i = a, b). Call it V i again.
Let V i ∪ D 3 denote the oriented connected closed 3-manifold made from V i and the 3-disc D
3 . There exists a spin structure on V i induced from the unique spin structure on S 4 . The spin structure extends over V i ∪ D 3 uniquely. Call it σ i .
Since Ω spin 3
for a compact oriented 4-manifold W with a spin structure τ .
The following is known. See e.g. [3] . We can suppose that there exists a handle decomposition
. From now on, we consider under the condition of Claim 2.
Take the collar neighborhood
Suppose the embedding is level preserving.
We attach the 4-dimensional 2-handles h 2 in ( * ) to the submanifold We use 'multiple' handles in the proof of Lemma 1 and 3. By using such handles as in a similar manner, we prove Theorem 4.1 in the case when 2m = 2 and Theorem 4.2.
Further results
In [4] , the author proved the following theorem. (Theorem1.1 of [4] ). By Theorem 4.1.1 in this paper and Theorem 1.1 of [4] , the following Theorem 6.1 holds. In order to state Theorem 1.1of [1] , we need some preliminaries. Definition (L 1 , L 2 , X 1 , X 2 ) is called a 4-tuple of links if the following conditions (1), (2) and (3) 
